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© Ink-jet recording method and color image forming method. 

© An ink-jet recording method for forming an image on a recording medium by ejecting ink droplets through an 
orifice of a recording head in response to a recording signals comprises ejecting an ink having a surface tension 
ranging from 25 to 35 dyn/cm onto a recording medium constituted of a base sheet and a coating layer formed 
on the base sheet to form an image, the coating layer being selected from (a), (b) f and (c) below: 

(a) a coating layer mainly composed of polyvinyl alcohol of a saponification degree of from 75 to 98 mol% 
and a polymerization degree of from 1 00 to 500, or a derivative thereof. 

(b) a coating layer mainly composed of a copolymer of vinylpyrrolidone with a vinyl monomer having a 
hydrophobic group, and a polyalkylene oxide or a derivative thereof, and 

(c) a coating layer mainly composed of an aromatic polyvinylacetal resin, and a polyalkylene oxide or a 
derivative thereof. 

A color image forming method forming a color image on a recording medium employing four color-inks of 
yellow, cyan, magenta, and black comprises ejecting inks having the surface tension onto the recording medium. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to an ink-jet recording method which enables formation of an image with 

high optical density and high resolution, particularly to an ink-jet recording method which enables recording 
of an image excellent in light-transmissivity or surface gloss. 

The present invention also relates to a color image-forming method employing the above recording 
method. 

10 

Related Background Art 

Various recording mediums are used for ink-jet recording, including coated-paper sheets, glossy-paper 
sheets, OHP-recording films (recording films for overhead projectors), etc. An example of the coated paper 

75 is the one disclosed in Japanese Patent Publication No. 3-26665 which comprises a base paper sheet, and 
a coating layer thereon composed of fine powdery silica and a water-soluble binder such as polyvinyl 
alcohol. An example of the glossy paper is the one disclosed in Japanese Patent Publication No. 3-25352 
which comprises a cast-coated paper sheet, and a surface layer composed of polyvinyl alcohol of a 
saponification degree of 50 to 90 mol% and a crosslinking agent. An example of the OHP-recording sheets 

20 is the one which is disclosed by Japanese Patent Application Laid-Open No. 60-220750 comprising a 
polyester film and a hydrophilic surface layer thereon composed of a water-soluble polyvinyl alcohol of a 
saponification degree of 70 to 90 mol%. 

With improvements in performance of ink-jet recording apparatuses in recording speed, multiple color 
recording and so forth, the recording medium therefor is required to be improved to have the properties 

25 below simultaneously: 

(1) The recording medium has higher ink-absorbency (a larger ink absorption capacity, and quicker ink 
absorption). 

(2) The recorded dots on the recording medium have high optical density with distinct circumference. 

(3) The recorded dots on the recording medium have a shape approximate to a true circle with smooth 
30 circumference. 

(4) The recording medium changes little its properties and does not curl with changes of temperature 
and humidity. 

(5) The recording medium does not cause blocking. Further, the recording medium is required to have 
storability as below: 

35 (6) The recorded image is stable and does not deteriorate in long-term storage (particularly under a high 
temperature and a high humidity). 

(7) The recording medium itself is stable and does not deteriorate in long-term storage (particularly 
under a high temperature and a high humidity). 
For ink-jet recording of a transparent image for OHP or of an image with high surface gloss, a light- 
40 transmissive recording sheet or a glossy recording sheet (or glossy paper) is needed. Such a recording 
sheet has conventionally an ink-receiving layer mainly composed of a hydrophilic resin like polyvinyl 
alcohol, as mentioned above, to minimize diffusion reflection of incident light on the recording face, or to 
form a highly light-transmissive coating layer. 

With the progress of ink-jet recording in recording speed, recording density, and color printing 
45 technique, deterioration of image quality caused by insufficient ink fixation has become a serious problem, 
particularly in a recording method for formation of a light-transmissive image or of a glossy image. The 
recording face of the recording sheet for such uses, which is not porous unlike usual coated paper or plain 
paper, does not have sufficient ink absorbency. Therefore, staining of the image is caused by running of 
ink, and unevenness of the image density is caused by coalescence of unfixed ink droplets (beading) on the 
so recording face. In color printing, dulling of color is caused by color mixing at the color border (border 
bleeding) between different colors. These phenomena decrease significantly the sharpness of the image. 

The recording medium described in Japanese Patent Publication No. 3-29596, which has an ink- 
receiving layer mainly composed of polyvinylpyrrolidone, has relatively high ink absorbency at a normal 
temperature and a normal humidity, but has disadvantages of extremely low ink-drying speed and liability of 
55 blocking at a higher temperature and a higher humidity, and low resistance to scratching owing to low 
mechanical strength of the recording surface. 

In the recording method employing the above light-transmissive or glossy recording sheet, no effective 
recording sheet has been obtained which solves the problems of beading and border bleeding in spite of 
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SUMMARY OF THE INVENTION 
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The color image forming method of the present invention forming a color image on a recording mpni.,m 
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BRIEF DESCRIPTION OF THE DRAWINGS 
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DETAILED DE SCRIPTION OF THE PREFERRED EMBODIMENTS 
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the surface of the recording sheet has sufficient wettability, unfixed ink droplets nearly entirely are linked 
uniformly to give uniform appearance without unevenness of density. However, when the wettability is 
excessively high, the above phenomenon of ink droplet linking occurs at the border between different color 
areas to cause color mixing and bleeding of the border. Such problems cannot be solved by improvement 

5 of the recording medium only. 

One way for solving the above problems, is adjustment of the surface tension of the ink to optimize the 
wetting property of the ink on the recording sheet. However, the suitable range of the surface tension of the 
ink depends on the material of the surface of the recording sheet, and the suitable range may be extremely 
narrow with some recording sheet surface materials, according to the investigation made by the inventors of 

w the present invention. The image quality with the optimum ink composition also varies depending on the 
surface material. 

Consequently, it was found by the inventors of the present invention that a light-transmissive image or a 
glossy image which has never been obtained can be formed by selecting a specific constitutional material 
for the recording medium and an ink having the most suitable surface tension for the material in 
75 consideration of synergistic effect of the combination of the recording medium and the ink. The present 
invention has been accomplished based on the above findings. 

The light-transmissive recording sheet in the present invention exhibits linear light transmittance of 30 
% of more. The linear light transmittance (T %) is measured as follows. Light is introduced perpendicularly 
to a sample sheet. The light having been transmitted through the sample sheet is introduced to a light- 
20 receiving slit placed on the extension line of the incident light path at a distance of at least 8 cm apart from 
the sample sheet. The light is further introduced to a light detector, e.g., Hitachi automatic spec- 
trophotometer (Model 323, manufactured by Hitachi Ltd.), and the spectral transmittance of the linear light is 
measured. From the spectral transmittance, the Y value of tristimulus values is derived. The linear light 
transmittance is derived from the equation below: 

25 

T = (Y/Yo) x 100 

T: Linear transmittance 
Y: Y value of sample 
30 Y 0 : Y value of control sample. 

The glossy recording sheet in the present invention has a 60* specular gloss of not less than 30 %. 
The 60* specular gloss is measured according to JIS-Z-8741. 

The present invention is described below in more detail by reference to preferred embodiments. 
In a first embodiment, a recording medium is employed which has a coating layer containing a 
35 specified polyvinyl alcohol or a derivative thereof. 

The polyvinyl alcohol is prepared by saponification of a vinyl acetate homopolymer with an acid or an 
alkali to a desired saponification degree. The derivative of the polyvinyl alcohol includes modified polyvinyl 
alcohols derived by saponification of a copolymer of vinyl acetate with vinyl chloride, ethylene, maleic acid, 
itaconic acid, acrylic acid, dimethylaminoethyl methacrylate or quaternary derivative thereof, or the like; 
40 reaction products produced by reacting polyvinyl alcohol with a compound reactive to the hydroxyl group of 
the polyvinyl alcohol molecule such as melamine resins, isocyanate compounds, aldehydes, epoxy 
compounds, boron-containing compounds, and chromium-containing compounds, e.g., polyvinylacetal, 
polyvinylformal, etc. 

The saponification degree of the above polyvinyl alcohol is preferably in the range of from 75 to 98 %, 
45 more preferably from 85 to 90 %. Outside this range, the capacity of aqueous ink absorption of the ink- 
receiving layer is low, and beading or border bleeding occurs to impair the image quality. 

The polymerization degree of the polyvinyl alcohol is preferably in the range of from 100 to 500, being 
different from prior art technique in which higher polymerization degree is preferred for higher ink 
absorbency. For the specified ink having a low surface tension suitable for polyvinyl alcohol, the poly- 
50 merization degree of the polyvinyl alcohol is preferably in the above range in view of the image quality of 
less beading and less border bleeding. 

The recording medium employed in the present invention is prepared by coating at least one face of a 
base sheet with a composition containing the above polyvinyl alcohol to form a coating layer (an ink- 
receiving layer) on the surface of the base sheet. This composition may contain a binder, a filler and other 
55 additive in an amount not to obstruct the object of the present invention. The binder includes known binders 
such as starch, cationic starch, casein, gelatin, acrylic resins, maleic anhydride resins, melamine resins, 
urea resins, SBR latexes, sodium alginate, polyvinylpyrrolidone, carboxymethylcellulose, hydroxyethylcel- 
lulose, and the like, but is not limited thereto. The filler includes inorganic pigment such as silica, alumina, 
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In the present invention, the mechanical strength of the recording surface can be increased further by 
incorporating an epoxy compound at a content of 0.5 % by weight or more, preferably from 0.5 to 5 % by 
weight in the coating layer. The epoxy compound includes specifically ethylene glycol diglycidyl ether, 
polyethylene glycol diglycidyl ether, propylene glycol diglycidyl ether, polypropylene glycol diglycidyl ether, 
s neopentyl alcohol diglycidyl ether, glycerol polyglycidyl ether, trimethylolpropane polyglycidyl ether, 
diglycerol polyglycidyl ether, and the like. 

As described above, formation of an ink-receiving layer containing the above polyvinyl alcohol and one 
or more of the above additional materials on at least one face of a base sheet satisfies the aforementioned 
requirements simultaneously and consistently, and particularly gives a recording medium which does not 

/o deteriorate inherently and prevents effectively deterioration of a recorded image even at a long-term of 
storage at a high temperature and a high humidity. 

In the above preferred embodiment, the polyalkylene oxide or the derivative thereof is incorporated into 
the ink-receiving layer preferably at a content of from 2 to 10 % by weight. At a lower content thereof, the 
recording medium itself is liable to deteriorate (decline of ink absorbency) during long-term storage at a 

75 high temperature and a high humidity. At a higher content thereof, deterioration of the recorded image 
(bleeding of dots and lowering of sharpness of the image) is liable to occur during long-term storage of the 
recorded image at a high temperature and a high humidity even with combined use of the hydrophilic 
acrylic resin which is a copolymer of the vinyl monomer having a cationic group with the other monomer 
having a hydrophobic monomer. Since the polyvinyl alcohol and the polyalkylene oxide are not compatible 

20 with each other, a coating film formed from a mixture thereof causes phase separation to become white 
turbid with lapse of time. In the above embodiment, however, the combined use of the hydrophilic acrylic 
resin, which is a copolymer of a cation group-containing vinyl monomer with a hydrophobic group- 
containing vinyl monomer, enables formation of recording medium which is light-transmissive sufficiently for 
an OHP recording sheet. In this respect, the content of the hydrophilic acrylic resin in the ink receiving layer 

25 is preferably higher than that of the polyalkylene oxide or the derivative thereof. In the above embodiment, 
the hydrophilic acrylic resin is preferably contained at a content of from 10 to 40 % by weight in the ink- 
receiving layer. At a lower content thereof, even with the content of the polyalkylene oxide or it derivative 
within the above range, the image is liable to cause bleeding with lapse of time at a high temperature and a 
high humidity, whereas at a higher content thereof, the image becomes uneven undesirably. 

30 The base sheet material for constituting the recording medium of the present invention includes sheets 
of paper such as wood free paper, medium-quality paper, art paper, bond paper, regenerated paper, baryta 
paper, cast-coated paper, and linerboard paper; films and plates of plastic such as polyethylene tereph- 
thalate, cellulose diacetate, cellulose triacetate, cellophane, celluloid, polycarbonates, polyimides, polyvinyl 
chloride, polyvinylidene chloride, polyacrylates, polyethylene, and polypropylene; glass plates; sheets of 

35 cloth such as cotton, rayon, acrylics, nylon, silk, and polyesters. The base sheet material is selected 
suitably from the above materials to meet the object of the recording medium, the use of the recorded 
image, adhesion with the overlaid ink-receiving layer, and other conditions. A plastic film is preferred for the 
light-transmissive recording sheet or a glossy recording sheet. 

In preparation of the recording medium of the present invention, firstly, the aforementioned coating 

40 composition and optional additive are dissolved or dispersed in water, alcohol, or other suitable solvent to 
prepare the coating liquid. The obtained coating liquid is applied onto a surface of a base sheet by roll 
coating, blade coating, air-knife coating, gate-roll coating, bar coating, size pressing, spray coating, gravure 
coating, curtain coating, etc. Thereafter, the applied matter is dried by means of a hot-air dryer, a hot drum, 
or the like to obtain the recording medium of the present invention. The resulting recording medium may be 

45 subjected to supercalender treatment, if necessary. 

The total coating amount of the ink-receiving layer ranges preferably from 0.2 to 50 g/m 2 , more 
preferably from 1 to 30 g/m 2 in terms of the solid matter. At the smaller amount of coating, a part of the 
base sheet surface may be bared. At the coating amount of less than 0.2 g/m 2 , no effect is obtained in dye 
color development in comparison with the base sheet without the ink-receiving layer. On the other hand, at 

50 the coating amount of larger than 50 g/m 2 , the recording medium curls remarkably under the environmental 
conditions of low temperature and low humidity, disadvantageous^. The coating amount in thickness is 
preferably in the range of from 0.5 to 100 um. 

In a second embodiment of the present invention, a recording medium is employed which has, on a 
base sheet, a coating layer as an ink-receiving layer composed specific materials, namely a copolymer of 

55 vinylpyrrolidone with a vinyl monomer having a hydrophobic group, and a polyalkylene oxide or a derivative 
thereof. 

The coating layer containing polyvinyl pyrrolidone, a homopolymer of vinylpyrrolidone, for recording 
medium is known, as already mentioned. In the present invention, the copolymer as the first component of 



7 



EP 0 634 289 A1 



anTanthtdSyde ^ a ' dehydeS ^ 3 COndenSed a ™ atic ri "9 ^ -^USc^S 

p«M^^ 3 — process such - * «**" P-s, 

rangr^^r^S^'ou^ P °'T yl a,COh0 ' 38 the St3rtin9 materia ' is «" the 



8 



EP 0 634 289 A1 



The polyalkylene oxide, the second component for constituting the coating layer, is the same as the 
one employed in the first embodiment in the same amount. 

The recording medium which has a coating layer as an ink-receiving layer mainly composed of the two 
components as described above enables formation of uniform image without unevenness of images such as 
beading and linking stripes, and formation of sharp images with excellent ink absorption without border 
bleeding. This recording medium retains its properties in any environmental conditions of from low- 
temperature and low-humidity to high-temperature and high-humidity, advantageously. 

In this embodiment of the present invention, the coating layer of the recording medium may contain the 
same hydrophilic acrylic resin as the one shown in the first embodiment, namely a copolymer of a vinyl 
monomer having a cationic group with another vinyl monomer having a hydrophobic group, in addition to 
the aforementioned two components, in the same amount as in the first embodiment. 

As described above, the recording medium, which has at least on one face of the base sheet a coating 
layer (namely, an ink-receiving layer) containing a polyvinylacetal resin and polyalkylene oxide or its 
derivative, and additionally the aforementioned hydrophilic acrylic resin, satisfies all the requirements 
consistently for the ink-jet recording medium. Further, the recording medium itself and the image formed 
thereon exhibit little deterioration advantageously even when the recording medium is left standing at a high 
temperature and a high humidity. Such results are due to the synergistic effect given by the above three 
components. 

Since the polyvinyl acetal and the polyalkylene oxide are sometimes not compatible with each other, a 
coating film formed from a mixture thereof on a base sheet is known to cause phase separation and to 
become white turbid with lapse of time. In this embodiment, however, the combined use of the hydrophilic 
acrylic resin enables formation of recording medium which is light-transmissive sufficiently for an OHP 
recording sheet. 

Further, in this third embodiment, the mechanical strength of the recording medium can be raised by 
incorporating the epoxy compound mentioned in the first embodiment in the coating layer at a content of 
0.5 % by weight or more, preferably from 0.5 to 5 % by weight 

The recording medium in this third embodiment can be prepared with the composition containing the 
above components in the same manner as in the first embodiment. 

The ink-jet recording method of the present invention is characterized by use of an ink having a surface 
tension ranging from 25 to 35 dyn/cm, preferably from 25 to 33 dyn/cm on a recording medium of the first, 
second or third embodiment. With the ink having a surface tension of higher than 35 dyn/cm, beading 
occurs remarkably undesirably even if the recording medium of the present invention is used. On the other 
hand, with the ink having a surface tension of lower than 25 dyn/cm, the obtained image is inferior in border 
bleeding although the beading does not occur. The surface tension in the present invention is a value 
measured at 25 • C. 

The ink employed in the present invention contains essentially a coloring matter for forming an image, 
and a liquid medium for dissolving or dispersing the coloring matter, and further contains, if necessary, a 
dispersant, a surfactant, a viscosity-controlling agent, a resistivity-adjusting agent, a pH-controlling agent, a 
mildew-proofing agent, a solution-or dispersion-stabilizing agent and the like. 

The recording agent for the ink includes direct dyes, acid dyes, basic dyes, reactive dyes, food dyes, 
disperse dyes, oil color, pigments, and so forth. However, any known recording agent may be used without 
limitation. The content of the coloring matter depends on the kind of liquid medium, required properties of 
the ink, and so forth. In conventional inks the coloring matter is contained generally at a content of from 
about 0.1 to 20 % by weight. In the present invention also, the coloring matter may be used in the same 
ratio. 

The liquid medium for dissolving or dispersing the coloring matter in the ink of the present invention is 
water, or water containing a polyhydric alcohol as an aqueous organic solvent for ink dryness prevention. 
The organic solvent useful for the ink of the present invention includes alkyl alcohols such as methanol, 
ethanol, isopropyl alcohol, and n-butanol; amides such as dimethylformamide, and dimethylacetamide; 
ketone and ketoalcohls such as acetone, and acetone alcohol; alkylene glycols such as ethylene glycol, 
propylene glycol, triethylene glycol, thiodiglycol, diethylene glycol, 1 ,2,6-hexanetriol, and polyethylene 
glycol; glycerins; polyhydric alcohol alkyl ethers such as diethylene glycol monomethyl (or ethyl) ether, and 
triethylene glycol mono- (or di-)methyl (or ethyl) ether; sulfolane, n-methyl-2-pyrrolidone, 1.3-dimethyl-2- 
imidazolidinone.and the like, and mixtures thereof. 

The ink used in the present invention is prepared with the above-mentioned materials and a required 
amount of a surfactant to have the aforementioned specific surface tension. 

The surfactant includes nonionic surfactant exemplified by polyoxyethylene alkyl ethers such as 
polyoxyethylene lauryl ether, and polyoxyethylene cetyl ether; polyoxyethylene alkyl phenyl ethers such as 
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the carriage 66 is movable along the guide rod 67 to the recording region of the recording head 65 and the 
adjacent region thereto. 

A paper delivery device 51 for delivery of a recording medium and a paper delivery roller 52 driven by 
a motor (not shown in the drawing) delivers a recording medium to the position opposing to the ejection 
nozzle face of the recording head, and the recording medium is delivered with the progress of the recording 
to a paper discharge device provided with paper-discharging rollers 53. 

In the above constitution, when the recording head 65 returns to the home position on completion of 
recording, the cap 62 of the ejection-recovery device 64 is positioned out of the moving path of the 
recording head 65, and the blade 61 is allowed to protrude to the moving path. Thereby, the ejecting nozzle 
face of the recording head 65 is wiped. To cap the ejection face of the recording head 65, the cap 62 
protrudes toward the moving path of the recording head to come into contact with the ejection nozzle face. 

When the recording head 65 is made to move from the home position to the record-starting position, 
the cap 62 and the blade 61 are at the same position as in the above-mentioned wiping step, so that the 
ejection nozzle face of the recording head 65 is wiped also in this movement. 

The recording head is moved to the home position not only at the completion of the recording and at 
the time of ejection recovery, but is also moved at a predetermined intervals during recording from the 
recording region. The nozzle is wiped by such movement. 

As described above, the present invention mainly intends to provide a method of ink-jet recording for 
forming a light-transmissive image or a glossy image without the problems of beading and border bleeding: 
the problem resulting from speed-up of recording, increase of image recording density, and coloring of 
images. Such problems are not remarkable in low speed recording or low density recording. The method of 
the present invention is particularly effective in ink-jet color recording in which color inks are ejected at a 
driving frequency of at least 3 KHz through orifices of a recording head; two or more orifices are employed 
for each color of the ink; two or more droplets of the same color of the ink are simultaneously ejected 
through the orifices; and the maximum single color recording density is not less than 6 nt/mm 2 . 

The maximum recording density herein means the possible maximum number of dots of a single color 
ink multiplied by the volume of a single ink droplet with the recording system. 

[Examples] 

The present invention is described in more detail by reference to examples. The term "part" and "%" 
in the examples are based on weight unless otherwise mentioned. 

First Embodiment 

[Preparation of Recording Sheet] 

The recording sheets for Examples of the present invention and Comparative Examples were prepared 
by application of the coating liquid for coating layer formation in a dry thickness of 20 um on a 
polyethylene terephthalate film (100 um thick: "Lumiror" produced by Toray Industries, Inc.) with a wire bar, 
and drying at 100* C for 10 minutes. 

(Composition of Coating Liquid) 

Sheet 1 : 



Polyvinyl alcohol (SMR-10H, produced by Shin-Etsu Chemical Co., Ltd.) 10 parts 
Water 90 parts 
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Sheet 2: 



Poj£inyl alcohol (SMR-30H. produced by Shin-Etsu Chemical Co. Ltd.) 



10 parts 
90 parts 



Sheet 3: 



70 



75 



Polyvinyl alcohol (B-03. produced by Denki Kagaku Kogyo K K ) 
Water * ' 



10 parts 
90 parts 



Sheet 4: 



20 



25 



Polyvinyl alcohol (B-03. produced by Denki Kagaku Kogyo K K ) 
Polyethylene oxide (Alkox R-40, produced by Meisei Kagaku K K) 
Hydroph.lic acrylic resin (Jurimer SP-50, produced by Nippon Junyaku KKVa 



1 4 parts 
1 part 
5 parts 

80 parts 



Sheet 5: 



30 



35 



Polyvinyl alcohol (PVA-117, produced by Kuraray Co. Ltd 
saponification degree: 98-99 %, polymerization degree : about 1700) 
Water ' 



10 parts 
90 parts 



Sheet 6: 



40 



Cationic polyvinyl alcohol (PVA-C-318-2A, produced by Kuraray Co Ltd 
^pomfication degree: 80-89 %, polymerization degree : about 1800) 



45 



Sheet 7: 



10 parts 
90 parts 



The base film itself for the above recording sheets 
so Sheet 8: 

uJEiTl^SSJ "* ™* P °' yethy,ene t6rephtha,ate fMm < Me ^ 

55 Sheet 9: 



produced by ICI) was 



The same as Sheet 4 except that art paper was used as the base material 

Color recording was conducted on the above recording sheets with inks of the present invention and for 
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comparison having the compositions below under the conditions below by means of an ink-jet recording 
apparatus which ejects ink by bubbling the ink by action of thermal energy. The combination of the 
recording sheets with the inks are shown in Table 1 . 

5 (Ink composition) 



Dye: 


4 parts 


Glycerin: 


6 parts 


Thiodiglycol: 


6 parts 


Urea: 


8 parts 


Acetylene glycol ("Surfinol 104", produced by Nisshin Kagaku K.K.): 


x parts 


Water: 


76-x parts 



(Dye) 

Y: C.I. Direct Yellow #86 

20 M: C.I. Acid Red #23 

C: C.I. Direct Blue #199 

Bk: C.I. Food Black #2 



25 



30 



(Ink) 



Ink A: 
Ink B 
Ink C 
Ink D 
Ink E 

Ink F: 



x = 0.3, surface tension = 46 dyn/cm 
x = 1 , surface tension = 29 dyn/cm 
x = 3, surface tension = 26 dyn/cm 
x = 10, surface tension = 21 dyn/cm 

x = 1, surface tension = 31 dyn/cm Acetylene alcohol (Surfinol 61, produced Nisshin Kagaku 
K.K.) being used in place of acetylene glycol 

x = 1.5, surface tension = 33 dyn/cm Poly oxy ethylene nonylphenyl ether (Noigen EA-50, 
produced by Daiichi Kagaku K.K.) being used in place of acetylene glycol 



35 (Recording conditions) 

( 



Ejection frequency: 


5 kHz 


Volume of ejected droplet: 


50 pi 


Recording density: 


360 DPI 


Maximum recording density of single-color ink: 


10 nl/mm 2 



The obtained color-printed samples were evaluated for the items below: 

45 

(Evaluation Item) 



(1) Image density: Solid printing was conducted at a duty of 200 %. The image density of black (Bk) 
measured by MacBeth Transmission Densitometer TD-904 for the light-transmissive image, and. by 

so MacBeth Densitometer RD-918 for other images. 

(2) Image unevenness: 

The solid-printed portions of red, green, and blue which are mixed color formed respectively with 
two single-color inks by means of the aforementioned recording apparatus were evaluated visually, 
(i) Beading: 

55 The printed matter in which no density unevenness was observed in each solid-printed portions of 

red, green, and blue was shown by the symbol "o". The printed matter in which density unevenness 
was observed visually at a distance of 25 cm apart from the printed matter was shown by the symbol 
"X n . The printed matter in an intermediate state was shown by the symbol "A". 



13 



EP 0 634 289 A1 



(ii) Border bleeding: 

nrintll! 6 "T^ ° f th8 solid -P rinted P° rtio "s of red. green, and blue were examined visually The 
printed matter ,n which the border line is sharp visually at a distance of 25 cm from the printed matter 
was shown by the symbol -o". The printed matter in which the border line could not be SSSSS as 

by the symbo1 " x "- The printed mawer in - inte - ediate **■ wa S ? h c 0 °r 2 b e y d th a e s 

(3) Overall Evaluation: 

by Lion 3 K^r^^'m^o^il'^wi 0 - ^ Pr ° jeCted , by an overhead P' 0 ^ <«*>** CL-303. manufactured 

vLaHv Wh'ln *V „ P J ; T ,ma9e W3S eVa ' Uated ViSUa " y - 1116 9loss y ima 9 e was di »*ctlv evaluated 
visually. When the projected image or the glossy image has sharp border lines, exhibits no densftv 
unevenness. and has high density, the printed matter was evaluated as being -Qood^M^n^SS 
shows color mixing at the border of the color portions and shows density unevenness the printed Tatter 

"air» V Wh?n t he S ^L'^' ^ ^ ^ h ™ «*" ^SSt^Z 

"Very ooor" ThP pCI? ^ T "* deci P herab,e - the P rin * d matter was evaluated as being 
very poor . The evaluation results are shown in Table 1. y 

Second Embodiment 
[Preparation of Recording Sheet] 

The recording sheets for Examples of the present invention and Comparative Examples were Dren^H 
olettrT O, J2 B , OO-,n0 " qUid f ° r C ° atin9 ,3yer formation in a thicteTs' of 20 U r on a 
S^JS^oZ^™ ,hiCk: " LUmir ° r " ~ ^ ^ a - bar 

(Composition of Coating Liquid) 

Sheet 10: 



1/1 -Copolymer of vinylpyrrolidone with vinyl acetate (Lubiscol 55E, produced by GAR 
Polyethylene oxide (Alkox R-40, produced by Meisei Kagaku K K ) 
Water/methanol mixture 



10 parts 

1 part 
89 parts 



Sheet 11: 



7/3-Copolymer of vinylpyrrolidone with vinyl acetate (Lubiscol 73E, produced by GAF) 
Polyethylene oxide (Alkox R-40, produced by Meisei Kagaku K K) 
Water/methanol mixture 



10 parts 
0.5 part 
89.5 parts 



Sheet 12: 



Copolymer of vinylpyrrolidone with styrene (Antara 450, produced by GAR 
Polyethylene oxide (Alkox R-40, produced by Meisei Kagaku K K) 
Water/butanol mixture 



10 parts 

1 part 
89 parts 
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Sheet 13: 



1/1 -Copolymer of vinylpyrrolidone with vinyl acetate (Lubiscol 55E, produced by GAF) 14 parts 

Polyethylene oxide (Alkox R-40, produced by Meisei Kagaku K.K.) 1 part 

Hydrophilic acrylic resin (Jurimer SP-50, produced by Nippon Junyaku K.K.): a 5 parts 
copolymer of methyl methacrylate with an acryl type quaternary ammonium compound 

Water/isopropyl alcohol mixture 80 parts 



10 



Sheet 14: 



75 



Polyvinyl alcohol (PVA-117, produced by Kuraray Co. Ltd., 10 parts 

saponification degree: 98-99 %, polymerization degree: about 1700) 

Water 90 parts 



20 



Sheet 15: 



25 



Polyvinylpyrrolidone (PVPK-90, produced by GAF) 10 parts 

Polyethylene oxide (Alkox R-40, produced by Meisei Kagaku K.K.) 1 part 
Water/methanol mixture 89 parts 



30 Sheet 16: 

The same as Sheet 10 except that white polyethylene terephthalate film (Melinex, produced by ICI) was 
used as the base material 

35 Sheet 17: 

The same as Sheet 13 except that art paper was used as the base material 
(Example 11 to 20, and Comparative Example 9 to 15) 

40 

Color recording was conducted on the above recording sheets 10 to 17 with inks G to L having the 
compositions below under the conditions below by means of an ink-jet recording apparatus which ejects ink 
by bubbling the ink by action of thermal energy. The combination of the recording sheets with the inks in 
examples are shown in Table 2. 

45 

(Ink composition) 



Dye: 


4 parts 


Glycerin: 


10 parts 


1 ,2.6-Hexanetriol: 


6 parts 


Urea: 


4 parts 


Acetylene glycol ("Surfinol 104", produced by Nisshin Kagaku K.K.): 


x parts 


Water: 


76-x parts 
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(Dye) 



Y: C.I. Direct Yellow #86 

M: C.I. Acid Red #23 

C: C.I. Direct Blue #199 

Bk: C.I. Food Black #2 



(Ink) 



/o Ink G: x = 0.3, surface tension = 43 dyn/cm 

Ink H: x = 1, surface tension = 28 dyn/cm 

Ink I: x = 3, surface tension = 26 dyn/cm 

Ink J: x = 10, surface tension = 20 dyn/cm 

ra ^ K k > n nSi °? = 30 dyn/Cm Acet y |ene a,coho1 < Surfin °l 61, produced Nisshin Kagaku 

75 KK ) bemg used in place of acetylene glycol 

L: Lh, It K^n^ ^T™ = 33 dyn/Cm ^^^ne nonylphenyl ether (Noigen EA-50 
produced by Da.ichi Kagaku K.K.) being used in place of acetylene glycol 



20 



(Recording conditions) 



25 



30 



35 



40 



45 



50 



Ejection frequency: 
Volume of ejected droplet: 
Recording density: 

Maximum recording density of single-color ink: 



5 kHz 
47 pi 
360 DPI 
9.4 nl/mm 2 



resuls^hown £%£T ^ ^ * 1 to 10 " The 

Third Embodiment 



(Synthesis of Polyvinylacetal Resin) 

In 3000 parts of water, was dissolved 350 parts of polyvinyl alcohol (saponification dearee- 88 v 
po^menzation degree: 1700) by heating. The solution was cooled Thereto, 70 Us o 350? hvdmcWort 
TctTy, ^ Z P T ' ° f P hen ^ceta.dehyde were added, and the react J >Z a .L ed to proceed" 
tne unreacted aldehyde. The product was dried to obtain intended polyvinyl-phenylacetoacetal Th P 
S a?' 0 " 9ree ° f thiS r6Sin ^ M m ° ,% - ^ fS h6reinafter 

which was fmo1o/ ma ^ r, r an ° ther P^'P^ny'^to^etal was synthesized, the acetalization degree of 
wnicn was 5 mol /o. (This resin is referred to as Polyvinylacetal Resin b ) 

phenyl^dXdTThT I V*"**"* , was synthesized by using acetaldehyde in place of the 
™XZ^T£Vc° at, ° n de9ree ° f WWCh W3S 40 m °' % <™' resin is refe "<* * - 

[Preparation of Recording Sheet] 

* sets stswj m ^c v ~ srnsrs rrr2 



55 
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(Composition of Coating Liquid) 
Sheet 18: 



Poly vinylaceta! Resin a 10 parts 

Polyethylene oxide (Alkox R-40, produced by Meisei Kagaku K.K.) 1 part 
Water/butanol mixture 89 parts 



Sheet 19: 



Polyvinyl-arylacetal (Eslecs KK-1 , produced by Sekisui Chemical Co., Ltd.) 
Polyethylene oxide (Alkox R-40 t produced by Meisei Kagaku K.K) 
Water/butanol mixture 



10 parts 
1 part 
89 parts 



Sheet 20: 



Polyvinylacetal Resin b 

Polyethylene oxide (Alkox R-40, produced by Meisei Kagaku K.K) 
Water/butanol mixture 



10 parts 
1 part 
89 parts 



Sheet 21 : 



Polyvinyl-arylacetal (Eslecs KK-1, produced by Sekisui Chemical Co., Ltd.) 
Polyethylene oxide (Alkox R-40, produced by Meisei Kagaku K.K.) 
Hydrophilic acrylic resin (Jurimer SP-50, produced by Nippon Junyaku K.K.): a 
copolymer of methyl methacrylate with an acryl type quaternary ammonium compound 
Water/isopropyl alcohol mixture 



14 parts 
1 part 
5 parts 

80 parts 



Sheet 22: 



Polyvinylacetal Resin c 

Polyethylene oxide (Alkox R-40, produced by Meisei Kagaku K.K) 
Water/butanol mixture 



10 parts 
1 part 
89 parts 



Sheet 23: 



The same as Sheet 18 except that white polyethylene terephthalate film (Melinex, produced by ICI) was 
used as the base material 

Sheet 24: 

The same as Sheet 21 except that art paper was used as the base material 
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(Example 21 to 30. and Comparative Example 15 to 19) 

ExarSes iTtoSnT C ° ndUCted 0 " ^ ^ reC ° rding SheetS 18 to 24 with ^ G to L used in 

show^n TaSeT ^ ^ mann6r 35 h 1 to 10 " ™° valuation results are 

transmistvT^^ inVenti ° n Pr ° VideS *" ink - jet recordin 9 n«hod for forming a light- 

p-zzir:r^ - • - -r 
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An ink-jet recording method for forming an image on a recording medium by ejecting ink droplets 
55 through an orifice of a recording head in response to a recording signals comprises ejecting an ink having a 
surface tension ranging from 25 to 35 dyn/cm onto a recording medium constituted of a base sheet and a 
coating layer formed on the base sheet to form an image, the coating layer being selected from (a), (b), and 
(c) below: 
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derive .hit? mai "' V C ° mP0Sed 01 a " a,0ma " C rosin, and , poiyaiMone oxide „ . 



Claims 



1 ' t^Tnh V eC ° f r6ing t meth ° d f ° r formin9 an ima9e on a recordina medium by ejecting ink droplets 

SLi^ni" 9 'T r main,y Composed of Po'vv'ny' ^cohol of a saponification degree of from 75 to 98 
mol /o and a polymer.zat.on degree of from 100 to 500. or a derivative thereof 

a nvdroohohi^T' ^ COm P osed of a copolymer of vinylpyrrolidone with a vinyl monomer having 
a hydrophobic group, and a polyalkylene oxide or a derivative thereof, and 9 

^aVerSe'Te^r'" ° f " and a po.ya.kylene oxide 

" SS^Sl C,3im 1 ' — - «*» ' a - (a> -tains further a 

3. An ink-jet recording method according to claim 1. wherein the coating layer fa) (b\ or m ™nt a -„ 

5. An ink-jet recording mothod according ,„ any 0| c alms , „ 4 , „„„„„ ^ ^ shee| , s a ^ fflm 

^ c^lor inktoX^ m8th0d ^ COrdin9 t0 C,3im 7 ' Wherei " *"> or more of ori «"* are provided for each 
color ,nk to eject two or more droplets of the same color nearly simultaneously. 

9 " a^^ l ° C ' aim 1 " Wherei " ink ^ * -* «*r ink are ejected at 

r^S2ZSr in9 t0 C ' aim 1 ' Wherei " ^ — <™«°° - -h 

11 " e^erg n y k : iet reC ° rd '' n9 meth ° d aCCOrdi " 9 * C ' aim ^ ink is * ected b V action of thermal 

12 ' H°'i m39e f ° rmin9 meth ° d f0r formin9 a «*>'"«age on a recording medium with four color inks of 
35 dv^m ' T 396 " 13 * b ' aCk> C ° mprisin9 ejectin9 inks havi "9 3 surface tension ran^Tng f om 25 to 

lastltZ t ° 3 reC ° rdm9 medfUm COnStitUted ° f 3 base sheet and a ^ting .aye? formed o^ the 
base sheet to form an ,mage. the coating layer being selected from (a), (b). and (c) below 
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(a) a coating layer mainly composed of polyvinyl alcohol of a saponification degree of from 75 to 98 
mol% and a polymerization degree of from 100 to 500, or a derivative thereof, 

(b) a coating layer mainly composed of a copolymer of vinylpyrrolidone with a vinyl monomer having 
a hydrophobic group, and a polyalkylene oxide or a derivative thereof, and 

(c) a coating layer mainly composed of an aromatic polyvinylacetal resin, and a polyalkylene oxide 
or a derivative thereof. 

13. A color image forming method according to claim 12, wherein the coating layer (a) contains a 
polyalkylene oxide or a derivative thereof. 

14. A color image forming method according to claim 12, wherein the coating layer (a), (b), or (c) contains 
a hydrophilic acrylic resin which is a copolymer of a first vinyl monomer having a cationic group with a 
second vinyl monomer having a hydrophilic group. 

15. A color image forming method according to claim 12, wherein the coating layer (a), (b) ( or (c) contains 
an epoxy compound at a content of not less than 0.5 % by weight. 

16. A color image forming method according to any of claims 12 to 15. wherein the base sheet is a plastic 
film. 
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FIG. 1 




FIG. 3 
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FIG. U 
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